Introduction
============

Annexins bind to phospholipids in a Ca^2+^ dependent manner. Phospholipids like phosphatidylserine (PS) and lyso-phosphatidylcholine (LPC) are involved in the clearance of apoptotic and necrotic cells. The exposure of PS by dying and dead cells is one major eat-me-signal for phagocytes \[[@b1]\]. Macrophages produce the milk fat globule-EGF-factor 8 (MFG-E8), which binds to apoptotic cells by recognizing aminophospholipids such as PS \[[@b2]\]. The receptors responsible for the engulfment of PS exposing apoptotic cells were identified recently as being Tim4 and Tim1 \[[@b3]\]. The secretion of LPC by apoptotic cells leads to the attraction of phagocytes and is therefore considered as an important soluble find-me-signal \[[@b4]\]. Recently, it has been shown that annexin A1 (Anx A1) and its peptide derivatives are released by apoptotic cells and also very efficiently promote the phagocytosis of apoptotic cells \[[@b5]\]. The latter is an important physiologic homeostatic mechanism that is associated with non-inflammatory or anti-inflammatory sequalae (reviewed in \[[@b6]\]). Anx A1 is a mediator of the anti-inflammatory actions of glucocorticoids (reviewed in \[[@b7]\]), which further promote non-inflammatory or even anti-inflammatory phagocytosis of apoptotic cells \[[@b8]\]. In contrast, exogenous Anx A5, which preferentially binds to PS, skewed the cytokine secretion of macrophages after contact with apoptotic cells towards pro-inflammatory cytokines in *in vitro* assays \[[@b9]\]. The same effects were observed for secondary necrotic cells (suppl. [Fig. 3](#fig03){ref-type="fig"}). Furthermore, the addition of Anx A5 to apoptotic cells significantly increased their *in vivo* immunogenicity \[[@b10]\]. Importantly, Anx A5-coupled apoptotic tumour cells induced the regression of growing tumours \[[@b11]\]. In an infection model, Anx A5 bound to PS of apoptotic Leishmania promastigotes also enhanced the release of the inflammatory cytokine TNF- by granulocytes \[[@b12]\]. Anx A5 inhibits apoptotic and necrotic cell uptake by macrophages most likely through interference with the availability of PS for recognition \[[@b13], [@b14]\]. Anx A5, in contrast to Anx A1, inhibits the phagocytosis of apoptotic cells by internalization of PS exposing membrane areas \[[@b15]\].

From the immunological point of view, apoptotic cells are non- or even anti-inflammatory \[[@b16]\] while primary as well as secondary necrotic cells stimulate the immune system \[[@b17]\]. During apoptosis the re-transport of PS from the outer to the inner leaflet of the plasma membrane declines. Besides the massive disturbance of plasma membrane morphology, the plasma membrane of apoptotic cells is known to remain ion selective for a long time. If apoptotic cells are not swiftly cleared, they change their membrane composition \[[@b18]\] and turn to secondary necrosis. Secondary necrotic cells have undergone apoptosis for a while and then loose their membrane integrity. Primary necrotic cells result from viable ones, which have immediately lost their membrane integrity due to strong external impacts. Cytotoxic components can then get in contact with immune competent cells and trigger an immune response \[[@b19]\]. Danger signals like HMGB1 \[[@b20]\], uric acid \[[@b21]\] or ATP \[[@b22]\] are all released by primary necrotic or damaged cells. These signals can get lost upon washing of cells that are prepared for cell-based assays or animal injections. We observed in previous studies that necrotic cells produced by heat-treatment (30 min., 56°C) had the same anti-inflammatory effects on activated macrophages as apoptotic ones \[[@b14]\]. Furthermore, there was no significant difference between unwashed and washed necrotic cells, if necrosis was induced by heat treatment and an anti-inflammation dominated response of the macrophages was detected in all cases. In contrast, unwashed mechanical stress-induced necrotic cells induced a decreased secretion by activated macrophages of the anti-inflammatory cytokine IL-10 in comparison to heat-induced necrotic cells \[[@b23]\]. This again highlights the importance of labile and short-lived danger molecules as additional signal for the induction of adaptive immune responses \[[@b24]\], which are only preserved in the case of mechanical stress-induced necrosis.

To elucidate the role of Anx A5 under normal physiological conditions we generated Anx A5 knock out (KO) mice \[[@b25]\]. Surprisingly, initial studies did not detect an altered phenotype of these mice \[[@b26]\]. By performing analyses with respect to the clearance of dying cells we could also detect no significant differences between WT and Anx A5 KO mice in the immune response towards apoptotic cells \[[@b23]\]. The endogenous levels of Anx A5 are low (\<10 ng/ml in serum; \[[@b27]\]) and the expected immunomudulatory potential of this protein, therefore, is weak. If higher levels of Anx A5 are present (*e.g.* by the addition of exogenous Anx A5), we have already shown that the immune response even towards syngeneic cells is enhanced in the presence of Anx A5 \[[@b11]\].

Here we examine how endogenous Anx A5 modulates the immune reaction against allogeneic cells. The latter lead to an activation of the immune system since non-self antigens are recognized. We induced primary necrosis by mechanical stress and injected the necrotic cells within 0.5 hr after starting the necrotizing procedure into mice to preserve heat-labile short-lived danger signals. We also included secondary necrotic cells in our immunization protocol, because they are known to have a high inflammatory potential. Thus, primary as well as secondary necrotic cells are well suited to prime cellular immunity. Furthermore, we investigated the effect of Anx A5 gene deletion on the phagocytic process as well as on the inflammatory reaction of macrophages.

Materials and methods
=====================

Animals
-------

The experiments were performed with 10--12-week-old Anx A5-deficient and wild type (WT) mice displaying mixed genetic background of C57/BL6 129/SvJ. The Anx A5 deficient mouse strain was generated by homologous recombination containing a LacZ reporter gene cassette fused inframe with exon 3 of the Anx A5 gene \[[@b26]\].

Cell lines, cells, induction and detection of necrosis and apoptosis
--------------------------------------------------------------------

The murine tumour cell lines Sp2/0 and CT26 were obtained from the American Type Culture Collection (Rockville, MD, USA). The murine B-cell line WEHI 231 was a kind gift of Dr. Dirk Mielenz (Division of Molecular Immunology, Erlangen, Germany) \[[@b28]\]. For the induction of secondary necrosis, the hybridoma Sp2/O cells were irradiated with ultraviolet B light (UV-B; 120 mJ/cm^2^) and cultured in medium for 24 hrs. Regarding the dying cell population, 75% of the cells were then secondary necrotic and about 25% of the cells were still apoptotic (suppl. [Fig. 1](#fig01){ref-type="fig"}). The increase of the PS exposure on the outer membrane leaflet of apoptotic cells can be monitored employing Fluorescein isothiocyanate (FITC)-labelled Anx A5 \[[@b29]\]. The latter binds with high affinity to PS in a Ca^2+^ dependent manner. Besides the massive disturbance of plasma membrane morphology, the plasma membrane of apoptotic cells is known to remain ion selective for a long time and therefore impermeable for the DNA intercalating propidium iodide (PI). Therefore, apoptotic cells are positive for Anx A5 binding and negative for PI staining. Secondary necrotic cells have undergone apoptosis for a while and then loose their membrane integrity. Consequently, they are positive for Anx A5 binding as wells as for PI, which can now stain the nucleus. Necrotic cells are generally positive for PI staining since they have lost their membrane integrity. Primary necrotic cells are also positive for Anx A5 binding since this protein can bind to PS on the inner leaflet of the disturbed cellular membrane. Primary necrotic cells show a higher staining for PI in comparison to secondary necrotic cells since the latter already have discharged DNA during the apoptotic process *via*'blebs'. Primary necrosis in Sp2/O cells was induced by mechanical sheer stress. The cells were forced 2--3 times with high pressure through a very narrow hollow needle. We used a 20G needle with 1^1^/~2~ length and the aperture was further narrowed using a pincer. Importantly, the necessary bore is dependent on the cell type. We adjusted the final aperture to the cell type, which has to be necrotized. The necrotizing procedure has to be performed very fast to preserve short-lived danger signals. The necrotic status was individually checked by Anx A5-FITC/PI staining. If more than 75% of the cells were necrotic (positive for PI) (suppl. Fig. 1) they were immediately injected into the mice. The WEHI 231 cells for the *in vivo* phagocytosis assays were necrotized by heat treatment as described previously \[[@b14]\]. Necrosis was verified in each individual experiment before injection of the cells into the peritoneum. More than 90% of the cells stained positive for trypan-blue, PI, and Anx A5-FITC.

Murine macrophages for the cytokine secretion assays were obtained by peritoneal lavage 4 days after i.p. injection of 1.0 ml amylum (starch from corn; Bestfoods, Hamburg, Germany; 2% in PBS) into the mice. 1.5 × 10^6^ macrophages were seeded in 24-well plates in RPMI medium containing 10% foetal calf serum (FCS), 100 U/ml penicillin, 100 mg/ml streptomycin and 200 mM glutamine (R10 medium). The non-adherent cells were removed after 2 hrs and the adherent macrophages were cultured for further 24 hrs in R10.

Immunization experiments
------------------------

WT and Anx A5 KO animals were immunized with 5 × 10^6^ secondary necrotic or primary necrotic Sp2/0 cells, respectively. For the injection into the peritoneum, the cells were suspended in 500 μl of Ringer's solution. The injection was performed three times at day 0, day 21 and day 63, respectively. The delayed type hypersensitivity (DTH) test was carried out 6 days after the final immunization. One million viable Sp2/0 cells in 50 μl PBS were injected into the footpads. The diameter of the footpads was measured before and 18 hrs after the injections. The footpad swelling was calculated by: (diameter of the footpad 18 hrs after the injection -- diameter of the footpad before the injection)/(diameter of the footpad before the injection) × 100.

The immune response towards allogeneic CT26 colon carcinoma cells (strain: BALB/c) was monitored by analysis of the tumour mass disappearance. 1 × 10^6^ CT26 cells were injected s.c. in the flank of the mice. From day 5 after injection until day 21, the tumour volume was measured with an electronic calliper.

*In vivo* phagocytosis by macrophages of necrotic cells
-------------------------------------------------------

### Labelling of the cells

Mouse WEHI 231 cells were labelled with 5-(and 6-)carboxyfluorescein-diacetate succinimidyl ester (CFDASE; Molecular Probes, Leiden, The Netherlands). The stock CFDASE (5 mM) was prepared in DMSO and stored frozen under an atmosphere of the inert gas N2. Cells were re-suspended in PBS at approximately 2 × 10^6^/ml and pre-warmed to 37°C. The stock CFDASE was then added to the suspension (final concentration: 10 μM). The suspension was inverted twice and incubated for 20 min. at 37°C. The cells were next washed twice with four volumes of cold R10 medium. Afterwards, primary necrosis was induced by heat treatment (56°C for 30 min.). The cells were then washed once with PBS/EDTA (5 mM) to remove intrinsic bound Anx A5 and afterwards with PBS only to remove residual EDTA. At the end, the necrotic cells were re-suspended in Ringer's solution (2 × 10^6^ cells/ml).

### *In vivo* phagocytosis

Macrophages were recruited in the peritoneum of the mice by i.p. injection of 1.0 ml amylum (2% in PBS) 4 days before the injection of the green-labelled necrotic cells. The mice were killed 0.75 hr or 3.5 hrs after the injection of 500 μl of the necrotic cell suspension into the peritoneum and a lavage of the peritoneum was performed with 8 ml R10. The obtained cell suspension was filtered (70 μm filter), the cells washed in R10 and ery-throcytes were removed by hypotonic lysis. Next the cells were stained with mouse F4/80-PE (Caltag, Invitrogen, Karlsruhe, Germany), mouse CD11b-PE (BD Pharmingen, Heidelberg), or the control antibodies, respectively, for analysis by flow cytometry. Phagocytosis of the green-labelled necrotic cells by F4/80 or CD11b positive macrophages was determined and quantified by 2-color flow cytometry as described previously for human cells \[[@b14]\].

Quantification of cytokine secretion by mouse peritoneal macrophages
--------------------------------------------------------------------

Mouse peritoneal macrophages (see above) were cultured for 24 hrs in R10. Mechanical stress-induced necrotic Sp2/O cells (1.0 × 10^6^/well) or UV-B induced secondary necrotic Sp2/O cells (1.0 × 10^6^/well) were added to the macrophages in 500 μl of R10 1--2 hrs prior to activation with LPS (100 ng/ml). Sixteen hours after activation, the supernatants were collected. Cytokine concentrations were determined by ELISA using appropriate pairs of monoclonal antibodies specific for mouse IL-10 and TNFα, respectively (BD Pharmingen, Germany).

Staining with X-Gal and FDG
---------------------------

The Anx A5 KO mouse strain was generated by homologous recombination containing a LacZ reporter gene cassette fused inframe with exon 3 (pos. 178) of the Anx 5 gene \[[@b25]\]. Using the specifically expressed Anx A5-LacZ fusion gene, it is possible to isolate cells from the KO mice \[[@b30]\] and to easily monitor the Anx A5 promoter activity. Peritoneal macrophages were stained with 5-bromo-4-chloro-3-indoxyl beta-D-galactoside (X-Gal) for b-galactosidase activity \[[@b31]\], which represents the promoter activity of the Anx A5 gene.

Fluorescein di-β-D-galactopyranoside (FDG; Molecular Probes, Invitrogen) can be used to detect the transient expression of b-galactosidase constructs. Peritoneal macrophages were stained with F4/80-PE or CD11b-PE and additional with FDG as follows: 5 × 10^5^ cells of the F4/80 or CD11b stained cells were re-suspended in 10 μl PBS/FCS. The FDG stock solution was diluted to 2 mM in H~2~O. 10 μl of this FDG dilution was added to 10 μl of the cell suspension. After vortexing, the cells were incubated for 75 seconds at 37°C. Immediately afterwards, 125 μl of ice cold PBS/FCS was added and the suspension incubated for 2.0 hrs on ice in the dark. FDG positive macrophages could then easily be quantified by flow cytometry (see [Fig. 4](#fig04){ref-type="fig"}).

![Anx A5 promoter activity of activated macrophages. Macrophages were obtained from the peritoneal lavage of Anx A5 KO mice. Following, the macrophages were cultured for 24 hrs in medium without (w/o) or with LPS. The peritoneal macrophages were stained with 5-bromo-4-chloro-3-indoxyl beta-D-galactoside (X-Gal) for b-galactosidase activity (A), which represents the promoter activity of the Anx A5 gene. The X-Gal staining of macrophages (deep black areas) clearly demonstrates the expression of Anx A5 within the macrophage population (arrows). The b-galactosidase activity was also quantified by staining the Anx A5 knock out macrophages with fluorescein di-β -D-galactopyranoside (FDG) reagent. F4/80 positive macrophages displayed a 4.3-fold higher ß-Gal activity after stimulation with LPS. One out of three representative set of experiments is shown. KO: knock out; WT: wild type; LPS: lipopolysac-charide](jcmm0013-1391-f4){#fig04}

Statistical analysis
--------------------

Statistical analyses were performed using the heteroskedastic two-tailed Student's t-test for unpaired data. Results were considered statistically significant for *P* \< 0.05 (\*) and highly significant for *P* \< 0.01 (\*\*).

Results
=======

The allogeneic immune response against necrotic cells is reduced in Anx A5 KO mice
----------------------------------------------------------------------------------

We injected three times i.p. primary or secondary necrotic Sp2/0 cells in WT or Anx A5 KO mice and determined the allogeneic cellular immune reaction by DTH test. As shown in [Figure 1](#fig01){ref-type="fig"}, WT mice showed a median footpad swelling of about 23% or 15% after injection of primary or secondary necrotic cells, respectively. Primary necrotic cells induced a significant higher swelling in comparison to secondary necrotic cells in the WT situation. In contrast, only a very weak swelling was to be observed in Anx A5 KO mice. A highly significant reduction of the allogeneic immune response in comparison to WT animals was observed for primary as well as secondary necrotic cells in Anx A5 KO mice.

![Allogeneic immune response against necrotic cells in WT and Anx A5 KO mice. WT and KO mice were immunized three times i.p. with allo-geneic primary or secondary necrotic Sp2O cells, respectively. The specific cellular immune response was monitored with the delayed type hypersensivity reaction (DTH test) and is indicated as percentage footpad swelling of the mice. Note: WT mice showed a strongly enhanced immune response in comparison to Anx A5 KO animals. This response was also significantly higher against fresh primary necrotic cells in comparison to secondary necrotic cells. Three independent experiments with always four mice per group were performed. KO: knock out; WT: wild type; \**P* \< 0.05; \*\**P* \< 0.01](jcmm0013-1391-f1){#fig01}

The uptake of necrotic cells is enhanced in macrophages of Anx A5 KO mice
-------------------------------------------------------------------------

Animals were injected i.p. with CFSE-labelled heat-induced primary necrotic cells allowing resident macrophages to interact with the dead cells for up to 3.5 hrs. The mice were killed after 0.75 hr or 3.5 hrs and the uptake of the fluorescent necrotic cells in F4/80 positive macrophages, present in the peritoneal lavage, was monitored by flow cytometry. F4/80 positive peritoneal macrophages of Anx A5 KO mice phagozytosed significantly more primary necrotic cells in comparison to macrophages of WT mice ([Fig. 2](#fig02){ref-type="fig"}). This was to be observed at 0.75 hr ([Fig. 2A](#fig02){ref-type="fig"} and [B](#fig02){ref-type="fig"}) as well as at 3.5 hrs ([Fig. 2C](#fig02){ref-type="fig"} and [D](#fig02){ref-type="fig"}) after injection of the necrotic cells. The uptake of multiple necrotic cells per phagocyte (high positive macrophages) was highly significantly enhanced in Anx A5 KO mice when compared with Anx A5 WT animals ([Fig. 2D](#fig02){ref-type="fig"}, right graph). Similar effects were observed by using mechanical stress-induced primary necrotic cells for the phagocytosis assays (suppl. Fig. 4).

![Uptake by macrophages of necrotic cells in presence or absence of endogenous Anx A5. Macrophages in the peritoneum of the mice had contact with CFSE-labelled heat-induced (30 min., 56°C) primary necrotic WEHI 231 cells for 0.75 (A, B) or 3.5 hrs (C, D). Following, a peritoneal lavage was performed and the phagocytosis by macrophages, which were identified with F4/80 staining, of the necrotic prey was determined. In (A) and (C), representative dot plots of the analyses of the phagocytosis by flow cytometry are shown. Macrophages of Anx A5 KO mice showed a significantly enhanced uptake of primary necrotic cells after 0.75 hr (B) as well as after 3.5 hrs (D). Note: The phagocytic ability of peritoneal macrophages of Anx A5 KO mice to take up multiple necrotic cells per phagocyte (high positive macrophages) was highly significantly enhanced when compared with macrophages of WT animals (D, right graph). KO: knock out; WT: wild type; Mph: macrophages; Gates R3, R2:%CFSE positive Mph; Gate R7:% CFSE high positive Mph; One out of two representative set of experiments is shown. \**P* \< 0.05; \*\**P* \< 0.01](jcmm0013-1391-f2){#fig02}

Stimulated macrophages of Anx A5 KO mice show an increased secretion of IL-10 after contact with primary or secondary necrotic cells
------------------------------------------------------------------------------------------------------------------------------------

We analysed *in vitro* the secretion of the anti-inflammatory cytokine IL-10 and that of the inflammatory cytokine TNF-α of LPS activated peritoneal macrophages after contact with primary or secondary necrotic cells. The secretion of TNF-α did not significantly differ between macrophages of Anx A5 KO and WT animals ([Fig. 3](#fig03){ref-type="fig"}). However, activated macrophages of Anx A5 KO mice showed a higher secretion of IL-10 in response to mechanical stress-induced necrotic cells as wells as to UV-B induced secondary necrotic cells in comparison to WT macrophages ([Fig. 3](#fig03){ref-type="fig"}).

![Cytokine secretion of activated macrophages of WT and Anx A5 KO mice after stimulation with necrotic cells. The secretion of murine TNF-α and IL-10 by LPS activated peritoneal macrophages after contact in cell culture with mechanical stress-induced primary necrotic Sp2O cells or UV-B light induced secondary necrotic cells, respectively, was quantified by ELISA. Note: macrophages of Anx A5 KO mice showed a significantly enhanced secretion of IL-10. Values are the mean +/-- SD of three assays. KO: knock out; WT: wild type; \*\**P* \< 0.01](jcmm0013-1391-f3){#fig03}

Stimulated macrophages express Anx A5
-------------------------------------

The Anx A5 deficient mouse strain was generated by homologous recombination containing a LacZ reporter gene cassette fused inframe with exon 3 (pos. 178) of the Anx A5 gene. X-Gal staining of macrophages suggested the transcriptional up-regulation of Anx A5 in macrophages after activation with LPS ([Fig. 4](#fig04){ref-type="fig"}). We quantified the activity of the endogenous Anx A5 promotor in the KO cells by measuring the b-galactosidase activity of the reporter-gene by staining the Anx A5 knock out macrophages with fluorescein di-β-D-galactopyranoside (FDG) reagent. F4/80 positive macrophages displayed a 4.3-fold higher ß-Gal activity after stimulation with LPS than without stimulation ([Fig. 4B](#fig04){ref-type="fig"}).

An allogeneic tumour regresses slower in Anx A5 KO mice
-------------------------------------------------------

We injected 1 × 10^6^ allogeneic CT26 colorectal tumour cells in the flank of Anx A5 KO or WT mice. At day 5 after injection, a tumour size was measured with an electronic calliper. The tumour size was monitored twice weekly. Importantly, in WT mice the tumour regressed significantly faster in comparison to the Anx A5 KO mice. [Figure 5](#fig05){ref-type="fig"} displays the time course of the regression and final rejection of the allogeneic tumour in Anx A5 KO or WT mice. Three weeks after injection, no tumour was detectable in WT mice while 50% of the Anx A5 KO mice still had a detectable tumour (median tumour diameter = 3.1). Two weeks after the final rejection of the allogeneic tumour we injected viable CT26 cells in the footpads of WT and Anx A5 KO animals to induce a DTH reaction. The latter was detectable in both cases, however, it was slightly, though not significantly reduced in Anx A5 KO animals (mean footpad swelling: 26.5%) in comparison to WT animals (mean footpad swelling: 30.0%) (suppl. Fig. 5).

![Regression and final rejection of the allogeneic CT26 tumour in WT and Anx A5 KO mice. Allogeneic CT26 colorectal tumour cells were injected in the flank of Anx A5 KO or WT mice. At day 5, a measurable tumour was detectable and the consecutive allogeneic immune response against the tumour was monitored by measuring the tumour diameter with an electronic calliper at the indicated days after the injection. Note: WT mice showed a significant faster regression and final rejection of the tumour in comparison to Anx A5 KO animals. One out of three representative set of experiments is shown. KO: knock out; WT: wild type; \*\**P* \< 0.01](jcmm0013-1391-f5){#fig05}

Discussion
==========

Our immunological experiments in Anx A5 KO and WT mice revealed that Anx A5 reinforces the allogeneic immune response towards primary and secondary necrotic cells as well as allogeneic viable carcinoma cells. It was shown by Win and colleagues that in the syngeneic situation tumours continue to grow and, concurrently, a big necrotic core in the tumour can be observed. However, in the allogeneic situation, the transplanted tumour cells form a detectable tumour only for a short time and then the tumour size regresses very fast, finally leading to the rejection of the tumour \[[@b32]\]. We here showed that the latter appeared faster in WT animals in comparison to Anx A5 KO mice. We do propose that in the Anx A5 KO situation also a decreased induction of cytotoxic T lymphocytes is one possible mechanism for the delayed immune reaction against allogeneic tumour cells.

Over the last years another annexin, namely Anx A1, has emerged as an important anti-inflammatory mediator. It is highly expressed in macrophages and inhibits superoxide production, cell trafficking and phagocytosis (reviewed in \[[@b33]\]). Examinations with bone marrow derived macrophages of Anx A1 KO mice demonstrated that lack of Anx A1 leads to a decreased phagocytosis of various particles and to a higher secretion of inflammatory cytokines by macrophages \[[@b34]\]. Under normal physiological conditions, Anx A1 is, therefore, a mediator of the non- or even anti-inflammatory swift clearance of apoptotic cells by professional phagocytes.

When interfering with the clearance of dying cells, dendritic cells (DC) may acquire modified autoantigens like apoptotic nuclei and nuclear proteins and consequently autoreactive T cells can be activated. This may also be the scenario in chronic autoimmune diseases like systemic lupus erythematosus (SLE) (reviewed in \[[@b6]\] and \[[@b35]\]). An impaired clearance of UV irradiated, apoptotic tumour cells by macrophages can also lead to specific tumour rejection. We previously showed that exogenous Anx A5 decreased apoptotic cell uptake by peritoneal macrophages and concomitantly increased their uptake by DC \[[@b11]\]. When performing experiments with exogenous Anx A5 the effects of endogenous Anx A5 are negligible since it is only present at low concentrations.

Here we show that endogenous levels of Anx A5 act as inflammatory mediator. We demonstrated that Anx A5 is highly expressed by macrophages and that lack of endogenous Anx A5 leads to an increased secretion of anti-inflammatory cytokines by stimulated macrophages. We propose that Anx A5 is expressed and released from macrophages. Afterwards it binds dying and dead cells and, consecutively, the phagocytosis of the latter is partially blocked. Another proof for this demonstrated our experiments with Anx A5 KO macrophages showing a significantly enhanced phagocytosis of necrotic cells. We monitored the *in vivo* phagocytosis after 0.75 hr and 3.5 hrs. Less macrophages were positive for the labelled necrotic cells after 3.5 hrs in comparison to 0.75 hrs. This is due to digestion of the engulfed material and gave a further hint that uptake and not only binding takes place. We previously have shown that the pathway of necrosis induction does not much influence the rate of phagocytosis by macrophages \[[@b14]\]. Also mechanical stress-induced necrotic cells were favourably taken up by macrophages of Anx A5 KO mice when compared with WT animals (suppl. Fig. 4). However, the consecutive production of cytokines was strongly modulated. We further observed that after contact of the macrophages with the dying and dead cells, the Anx A5 promoter activity was down-regulated (suppl. Fig. 2). We would tend to speculate that after contact with the dying cells the macrophages express less Anx A5 and consequently gain better phagocytic capabilities.

The use of Anx A5 for therapeutic applications and not only as a marker for apoptotic cell death has become obvious \[[@b36]--[@b38]\]. We here showed that macrophages of Anx A5 KO animals displayed a more anti-inflammatory and immunosuppressive potential in response to mechanical stress-induced necrotic cells as well as secondary necrotic cells. We used allogeneic primary or secondary necrotic cells for the immunization experiments in order to get a strong immune response in the WT situation. The mode of cell death strongly influences the immunogenicity of the cells \[[@b39], [@b40]\] and pro-inflammatory properties of necrotic cells strongly depend on the inductor and the course of necrosis \[[@b14], [@b23], [@b41]\].

Taken together, annexins influence the balance of the cytokine milieu leading to inflammatory or anti-inflammatory immune responses. Anx A1 was shown to be an endogenous inhibitory regulator of MAPK activation and IL-6 expression \[[@b42]\]. We here have shown that endogenous Anx A5 leads to a decreased secretion of the anti-inflammatory cytokine IL-10 by activated macrophages. Anx A5 is an important inflammatory modulator of the immune system (reviewed in \[[@b9], [@b43]\]). Further investigations should focus on combinatory and compensatory effects of various annexins in modulating immune responses; Anx A1 and Anx A5 seem to be antagonists in this scenario.
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Supporting Information
======================

**Fig. S1.** UV-B irradiation and mechanical stress induce necrosis in Sp2/O cells. **(A)** For the induction of secondary necrosis, Sp2/O cells were irradiated with UV-B (120 mJ/cm^2^) and cultured in R10 medium for 24 hrs. Regarding the dying cell population, 80.4% of the cells were necrotic (AnxA5-FITC positive and PI positive) and 18% of the cells were apoptotic (AnxA5-FITC positive and PI negative). **(B)** Primary necrosis in Sp2/O cells was induced by mechanical stress. Regarding the dying cell population, 93.0% of the cells were primary necrotic (AnxA5-FITC positive and PIhigh positive). One out of five representative set of experiments is shown.

**Fig. S2.** Activated macrophages show less AxA5 promoter activity after contact with dying cells. AnxA5 KO macrophages were obtained by a peritoneal lavage. The β-galactosidase activity was quantified by staining the LPS-activated Anx A5 knock-out macrophages with fluorescein di-β-d-galactopyranoside (FDG) reagent. 1 × 10^6^ primary or secondary necrotic WEHI 231 cells were co-incubated for 16 hrs with the LPS-activated macrophages. Activated F4/80 positive macrophages displayed a significant lower Δ-Gal activity after contact with secondary **(A)** or primary **(B)** necrotic cells, respectively. \* *P* \< 0.05; \* \* *P* \< 0.01; *n* = 5.

**Fig. S3.** Exogenous AnnexinA5 enhances the inflammatory cytokine secretion of activated macrophages after contact with necrotic cells. Activated macrophages of C57BL/6 mice were incubated with secondary necrotic (sec. nec.) Sp2O cells, and the secretion of TNF-α was quantified by ELISA. Note: The macrophages showed a significantly enhanced secretion of TNF-α in the presence of exogenous AnxA5 (1 g/ml); \* *P* \< 0.05.

**Fig. S4.** Uptake by macrophages of mechanical stress-induced necrotic cells in presence or absence of endogenous AnxA5. Peritoneal macrophages had *in vivo* contact for 0.75 hrs with CFSE-labelled WEHI 231 cells, which were necrotized by mechanical stress. Afterwards, a peritoneal lavage was performed and the phagocytosis by macrophages of the necrotic prey was determined by flow cytometry. Macrophages of AnxA5 KO mice showed a significantly enhanced uptake of primary necrotic cells; Mph: macrophages; \* *P* \< 0.05; *n* =7.

**Fig. S5.** Delayed type hypersensitivity (DTH) reaction of AnxA5 KO and WT mice 2 weeks after the rejection of the allogeneic CT26 colorectal tumour (at day 42 of the experiment shown in the new Fig. 5).The DTH reaction was induced by injection of 6 × 10^6^ viable CT26 cells in the right footpad. As control, we injected PBS in the left footpad. Twenty-four hours later, the footpad swelling was measured with an electronic calliper. *P* = 0.37; *n* = 6.
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